Exciting (disinhibiting) future for cell-type-specific circuit neuroscience Future experiments will need to address these open questions by silencing Vip cells during the relevant behaviors, such as whisking or reinforcement, and recording the activity of pyramidal cells. It would also be highly interesting to see whether inhibiting the disinhibitory Vip/Sst circuitry interferes with learning or the execution of a learned behavior or with other network computations. Moreover, Sst cells inhibit all other inhibitory neurons except themselves [15] . How does disinhibition of the other inhibitory cells affect their spiking or plasticity and how does this influence pyramidal cells? It will be fascinating to see how the use of ever more specific transgenic mouse lines, targeting particular cell types, will elucidate the design and function of neuronal circuits which underlie the most basic and most complex network computations governed by genetic programs. 8 . Gong, S., Zheng, C., Doughty, M.L., Losos, K., Didkovsky, N., Schambra, U.B., Nowak, N.J., Joyner, A., Leblanc, G., Hatten, M.E., and Heintz, N. (2003 The experimental system used, the nematode Caenorhabditis elegans, has a tubular gonad (Figure 1 ) that makes it particularly suitable for studying meiosis. Within the gonad, germ cells are organized in a 'production line' array such that different meiotic stages are found in particular sections. Another experimental advantage of C. elegans is that gene products of interest can be knocked down in vivo by feeding the animals an RNAi-expressing construct. Libuda et al. used partial RNAi against SYP-1, a tranverse filament protein of the synaptonemal complex, which resulted in a w3-fold reduction of SYP-1 levels. In this setting of perturbed, but importantly not abolished, synaptonemal complex structure they analyzed crossover number and distribution along meiotic chromosomes. Crossovers were visualized with GFP-tagged COSA-1 protein. COSA-1 (for crossover siteassociated-1), recently identified in the Villeneuve lab, forms bright foci whose number consistently peaks at precisely six per nucleus [4] . C. elegans, then, probably has the most stringent crossover control of any organism studied to date: on each chromosome pair, of which there are six, exactly one crossover is formed -no more, no fewer (Figure 1) . At work here is yet another facet of crossover control, a process called crossover homeostasis. This refers to the capacity of the germ cell to maintain a stable crossover number when faced with lower or higher double-strand break numbers than usual [5, 6] . Double-strand breaks, the initiating lesions of meiotic recombination, form in several-fold excess compared to crossovers; that is, a relatively small fraction of them matures into crossovers (see e.g. [7] and references therein).
In the presence of an intact synaptonemal complex, it is not possible to increase the number of COSA-1 foci beyond six per nucleus, even with excessive double-strand break induction by ionizing radiation [4] . When Libuda et al. depleted SYP-1, however, this highly robust crossover control was disrupted. Now they observed (again following excessive double-strand break induction) that on average more than seven COSA-1 foci formed per nucleus. Since perturbed synaptonemal complex structure resulted in elevated crossover numbers, indicating compromised crossover control, would crossover interference also be affected? To examine the extent of crossover interference, one needs to be able to measure the distance between two (or more) crossovers on the same chromosome. To achieve this, Libuda et al. made use of an elegant experimental tool, namely worms where chromosome IV is fused with the X chromosome end-to-end, an arrangement known as mnT12 [8] . Long fusion chromosomes sometimes form two crossovers [4] , allowing for inter-COSA-1 focus distances to be measured both under wild-type and syp-1 partial RNAi conditions. In worms with unperturbed SYP-1, one or two (but not more) COSA-1 foci were seen on the mnT12 chromosome. When a chromosome had two foci, these were spaced far apart (Figure 1 ). In SYP-1 depleted worms, COSA-1 foci on the mnT12 chromosome were more numerous (three or more foci in whalf of nuclei). Furthermore, these COSA-1 foci showed a more random distribution along the chromosome, as is expected if crossover interference is reduced (Figure 1 ). Closer analysis of COSA-1 focus co-occurrence in neighboring chromosome segments by the authors revealed exactly that syp-1 RNAi results in substantially attenuated but not entirely abrogated crossover interference. These findings strongly support the idea that crossover interference is mediated at least in part by the synaptonemal complex. This view (reviewed, for example, in [9, 10] ) gradually lost favor to the idea that synapsis plays little or no role in interference, largely based on interpretations of observations in budding yeast zip1 mutants [11] [12] [13] ; see [14] for an in-depth discussion. Since Zip1 has roles in both synapsis and crossover formation [12] , however, it is difficult to draw any straightforward conclusions about interference from a mutant lacking this protein altogether.
Given that Libuda et al.'s results provide a strong argument for the synaptonemal complex contributing to crossover interference, it is also worth re-examining data on this topic in mammals. In mice (and to a variable extent, other organisms), two levels of interference appear to operate: that between early recombination intermediates, marked by, for example, MSH4, and late intermediates, that is, crossovers which are marked by MLH1 [15] . In Sycp1 -/-mice, which fail to assemble the central element of the synaptonemal complex, interference between early recombination intermediates is unaffected [15] . Because synaptic defects in these mice result in the elimination of spermatocytes by apoptosis relatively early, prior to MLH1 focus formation, it is not possible to determine whether SYCP1 contributes to MLH1 interference [15] . The same is true for many other mouse mutants. Recently, it has been shown that in Sycp1 -/-mice, the localization of RNF212 is impaired [16] . RNF212 is a 'precrossover' recombination protein that co-localizes with a subset of MSH4/5 sites, at least some of which may thus be designated to become crossovers [16] . These two studies can be viewed as consistent with synapsis-dependent crossover interference. However, a finding that is at least at first glance more difficult to reconcile with this model is the phenotype of Sycp3 -/-oocytes. SYCP3 is a component of axial elements of the synaptonemal complex. In Sycp3 -/-mice, the structure of axial elements is highly abnormal and chromosome synapsis is severely compromised; nevertheless, a subset of chromosomes achieves end-to-end homologous alignment and partial or even full synapsis [17] . Despite the defects, a few Sycp3 -/-oocytes progress far enough along to manifest MLH1 foci, so crossover interference can be analyzed cytologically. Average MLH1 focus numbers were significantly decreased, but MLH1 interference was still detectable [18] . However, considering that on the one hand some synapsis is present, and on the other hand that structural abnormalities of Sycp3 -/-chromosomes are severe, it is not obvious what the implication of this result is for the role of axial proteins and/or synapsis in crossover interference in unperturbed meiosis.
Another exciting finding in the Libuda et al. paper is that crossovers are associated with substantial local expansion of chromosome axis length. The expansion was w0.4 microns per COSA-1 focus. This expansion is not due to double-strand breaks per se, since chromosome segments without COSA-1 foci (but presumably originally with a double-strand break in some fraction of cells) did not show the increase in axis length. Rather, the authors propose, local axis remodeling resulting from crossover designation could trigger other structural changes more distally along the chromosome. Such structural changes could, by preventing local expansion elsewhere along the chromosome, inhibit further crossover designations. That is, axis remodeling first locally, then more distally, could implement interference. It is also possible that the local expansion associated with COSA-1 foci is simply a manifestation of synaptonemal complex and cohesion disassembly at and near crossover sites, mandatory to perform the crossover-associated DNA strand gymnastics. Nevertheless, Libuda et al.'s proposed model of local events influencing (inhibiting) similar events nearby and/or at some distance via chromosome structures is an attractive one. It would add to the list of feedback loops [19, 20] that help make meiotic progression, despite its complexity, so astonishingly robust.
